The focus of this paper is to analyse why a large fraction of single elderly people choose to retire early. A structural model directly based on the individual decision of labour supply is estimated on a sample of singles, where singles are defined as those who are living alone. We find that income and health are important determinants of the retirement decision. Furthermore, we find substantial gender differences in the retirement pattern. Healthy single women value retirement more than healthy single men and are willing to reduce their disposable income to 74 per cent of their previous income while men are willing to reduce the income to 81 per cent. Men's retirement decision is mainly influenced by income and health, whereas women's retirement decision is also affected by education and unemployment experience.
Introduction
Many OECD countries are facing an increasing proportion of elderly people. In the future, more individuals will be retired and at the same time fewer individuals will be in the labour force. The increased retirement programme participation and the future financial burden connected with this development have generated widespread interest in the retirement issue; cf. e.g. Gruber and Wise (1997) who present results from analyses of retirement in 11 industrialised countries.
Despite the large amount of literature on retirement, very few studies consider the retirement of singles. The lack of attention to singles' retirement patterns is somewhat surprising, since knowledge about single men's and women's retirement patterns is important when designing future retirement schemes and since a large proportion of older people are singles and an even larger proportion will be singles in the future. In the United States for example, about 35% of women and 25% of men aged 60-64 are unmarried and in the UK the figures are 28% and 19% for the 55-64 years of age, respectively, 1 and there is a general declining tendency in the marriage rate and an increasing share of individuals are divorced. 2 Furthermore, the retirement pattern of singles is likely to differ from the pattern of couples, because singles may be exposed to different economic incentives and they may have different preferences for, e.g., leisure. Another distinct trend in the labour market, which is likely to affect the future inflow to retirement, is the narrowing of the gender gap in labour force participation over the last three decades. The gender composition of the older part of the labour force will change in the future, as a result of increasing female labour force participation (see e.g. Perracchi and Welch (1994) ).
The gender gap in labour force participation is, in general, smaller for singles than for couples.
As an example, the employment rate of singles in the EU is, on average, 58% for men and 50% for women, aged 50-64, whereas the employment rate is 65% and 38% for married men and women respectively. 3 Futhermore, some studies, e.g. Ruhm (1996) , find that unmarried men and women with work experience have the same probability of working. Johnson and Skinner (1986) find that labour supply is affected strongly by marital separation in terms of higher participation rates for women. These and other previous studies concerning singles mostly deal with middle aged people and only a few studies examine single elderly people's retirement decision. Two studies (Hanoch and Honig (1983) and Honig (1985) ) find evidence suggesting that characteristics influencing the retirement of single women are not much different from those of married men. A Norwegian study by Dahl et al. (2003) finds that being single appears to increase the probability of early exit for men and that the opposite seems to be the case for women.
The aim of this paper is to analyse why a large fraction of single elderly people choose early retirement instead of staying in the labour force until reaching the official pension age. In this study we focus, in particular, on gender differences in the retirement behaviour among singles. If gender differences exist, are the differences in retirement due to differences in, e.g., financial circumstances or due to differences in preferences for retirement? To disentangle the different explanations we formulate a structural model for single men and women directly based on the individual decision to retire. In our framework the decision is based on financial conditions, health status, unemployment, and education. Considering gender differences, singles provide a particularly useful case since one can directly estimate the value of retirement/leisure and thereby investigate whether there are gender differences in the preferences for leisure. In contrast, when analysing couples, the value of retirement/leisure for husbands and wives may be influenced by the fact that the decision is likely to be a joint decision (which may be a result of bargaining within the household). Therefore, it can be difficult to attribute differences in observed retirement behaviour of husbands and wives to gender differences in preferences for retirement.
3 EUROSTAT (1997b) .
The basis of the empirical analysis is a 10 per cent longitudinal sample of single men and women in Denmark, including information on a large number of demographic, educational, income, health, labour market and retirement variables for the period 1981-97. The advantages of these data are twofold, first the data are register-based, which makes it possible to involve a large part of the population, and second, historical information is registered with a high degree of reliability. The paper concentrates on the very popular public financed Early-Retirement Pay (ERP) scheme, which is available to individuals aged 60 to 66. In the sample period the economic incentives in this retirement scheme were changed. This within-sample change, helps identify the parameters of the model. The main result from the estimations indicates the existence of gender differences in the retirement behaviour of singles, and that income and health are important determinants of the retirement decision. Healthy women value retirement more than healthy men and are willing to reduce the disposable income to 74 per cent of their previous income while men are willing to reduce their income to 81 per cent. For singles with worse health, the gender differences are much smaller. Men's retirement decision is mainly influenced by income and health, whereas women's retirement decision is also affected by education and unemployment experience.
The paper is organised in seven sections. Section 2 summarises some of the previous studies of retirement behaviour. In Section 3, a description of the ERP system in Denmark is given. In Section 4, the economic and econometric model is presented, and Section 5 gives a description of the data and the construction of the variables applied in the model. Section 6 contains the estimations and the results. Finally, Section 7 contains concluding remarks.
Previous Evidence of Retirement
The growing interest in retirement issues and the access to micro data have resulted in a large number of empirical studies of individual retirement behaviour. The methodology used for estimating individual's choice of retirement comprises both reduced form models and structural models. The reduced form models are based on well-known statistical models such as the duration model, Blau (1994) , and probit models, Meghir & Whitehouse (1997) . A number of different structural models of retirement have been estimated, for example by Berkovec & Stern (1991 ), Rust (1989 ,1990 , Rust & Phelan (1997) , Gustman & Steinmeier (1986) , Sickles and Taubman (1986) , , Lumsdaine, Stock & Wise (1990) , Kerkhofs et al. (1999), and Blundell et al. (2002) . The choice of method has been widely discussed in this literature, but without a final conclusion. It depends on the type of data, the complexity of the problem and the abilities of the model to predict. See, e.g. Lumsdaine and Mitchell (1999) for a review of different structural retirement models.
Even though all the empirical analyses referred to above are based on different data sets and different methods, the results reveal some common features. All the analyses suggest that financial circumstances affect the retirement decision. In addition, low education, spells of unemployment, and poor health are found to be associated with early retirement in all analyses where these issues are considered.
The studies of retirement behaviour have so far mainly concentrated on the behaviour of men.
Among the very few studies that actually consider women's retirement patterns are Pozzebon and Mitchell (1989), and Vistnes (1994) . Both studies focus on retirement by married women and take the husband's labour market status as exogenous. In Pozzebon and Mitchell (1989) the decision to retire does not seem to be affected by either the financial circumstances or retirement age of the husband. However, Vistnes (1994) finds the opposite results, namely that higher earnings and a working husband increase the probability of the wife continuing to work. Moreover, Pozzebon and Mitchell (1989) find that the age difference between husband and wife and the husband's state of health appear to be important determinants of the wife's retirement age.
Only a few studies, to our knowledge, analyse retirement of singles. Mastrogiacomo, Alessie, and Lindeboom (2002) estimate retirement models for singles and married couples. They focus on the relative importance of differences in behavioural responses of the different types of households to financial incentives. They find that singles would have a stronger tendency to stay in the labour force if they had the retirement options available to couples. They do not estimate separate models for men and women. Hanoch and Honig (1983), and Honig (1985) find evidence suggesting that characteristics influencing the retirement of single women are not much different from those of married men. A Norwegian study by Dahl et al. (2003) analyses early retirement for men and women focussing on different family characteristics. The results indicate that single women are less likely to retire early compared to single men.
The other strand of the literature examines joint retirement decisions of married couples; e.g. Blau and Riphahn (1999) , Gustman and Steinmeier (2000) and Christensen and Datta Gupta (1998) . Blau and Riphahn (1999) employ a reduced form model, while the two other studies use a structural model. In all the studies strong cross spouse effects on the retirement pattern are found, i.e. that the probability of retirement increases if the spouse is not working. However, Gustman and Steinmeier (2000) find that women are less sensitive to the retirement of the spouse than men are. Blau and Riphahn (1999) find that responses to wages and benefits, in general, are greater for women. In Christensen and Datta Gupta (1998) , husbands are found to have at least as strong preferences for leisure as wives have. These studies indicate the importance of modelling couples' retirement jointly.
Empirical studies of retirement in Denmark include analyses applying reduced-form models, e.g. Smith (1992, 1995) , and structural models by e.g. Bingley and Lanot (1996) , and Bingley, Datta Gupta, and Pedersen (2001) . The main findings are that educational attainment, spells of unemployment, and illness have a significant impact on the retirement age.
To sum up, the empirical evidence about female retirement that emerges from previous studies suggests that the effects of the determinants of women's retirement choice might be different than for men. However, most of the previous studies of women's retirement patterns are based on highly selective and relatively small data sets. Only a few empirical studies have examined the retirement behaviour of singles, and none of them focus on gender differences.
Early-Retirement Pay in Denmark
This section contains a description of the main features of the Danish Early-Retirement Pay (ERP) scheme, which is the basis for the economic model of retirement. The ERP system was introduced in 1979 as part of a public programme to reduce unemployment and to make it possible for wornout workers to retire. In practice ERP has functioned as a reduction in the pension age, not only for worn-out workers but for a broad section of the older labour force. Eligibility for the ERP programme requires membership of an unemployment insurance fund 4 for at least 20 years of the previous 25 years, 5 and both unemployed and employed individuals may enter the scheme from the age of 60 to 66. Although, the membership contributions for unemployment insurance funds is quite high (on average EUR 486 per year, in 1995), still about 80 per cent of the labour force are members, and for the age group 40-60 almost 90 per cent are members; see Parsons, Tranaes and Lilleør (2003) for further details.
The basic amount of the ERP benefit is equivalent to unemployment benefits, which amounts to 90 per cent of the final wage earned, subject to a ceiling. In 1998 the maximum sum was EUR.
18,726 per year. This means that the ERP benefit for a university graduate will typically be 45 per 4 Membership of an unemployment insurance fund is voluntary in Denmark.
5 Before March 1992 the condition was at least 10 years' membership of an unemployment insurance fund within the last 15 years. To ensure that the conditions for eligibility for the ERP-programme after March 1992 were unchanged for persons who already were members of an unemployment insurance fund before March 1992, the requirement for eligibility for these people was still at least 10 years' membership within the last 15 years.
cent of the earlier wage income, whereas for a textile worker, the benefit amounts to about 83 per cent.
6 After a maximum of 2.5 years on the ERP scheme, the amount of retirement benefit decreases to a maximum 80 per cent of the unemployment benefit (82 per cent after 1993). If an individual is unemployed before joining the ERP, the duration of the maximum payment period is shortened, such that after a maximum 2.5 years on unemployment benefits or on ERP, the amount of retirement benefit decreases. In figure 1 , the share of the population aged 60-66 on the ERP scheme is shown for men and women, respectively, for the period 1986-1999. The share of 60-66 year-olds on the ERP is in most of the period higher for men than for women, but in 1999, 44 per cent of both men and women in the relevant age group were in receipt of ERP. The reason why the share on ERP is lower for women than for men prior to 1999 is mainly because fewer women were eligible for ERP. If only people who are entitled to ERP are included, the share of people on ERP amounted to 68 per cent in 9 1998.
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In 1992, postponing retirement to the age of 63 was made financially rewarding to encourage later retirement, such that, if a person postpones retirement to the age of 63, the payment will be a maximum 100 per cent of the unemployment benefit until the age of 67. The behaviour responses to the reform of ERP in 1992 were that more individuals retired at age 63. The distribution of the retirement age for men and women receiving ERP in 1991 and 1997 is shown in figure 2 . Both before and after the reform the majority retire as soon as they become eligible. However, after the reform the second largest group is the 63-year-olds, including 16 per cent of men and 10 per cent of women who join the ERP scheme in 1997. This figure suggests that financial conditions play a role in the retirement decision. shows that very few persons work after retiring with the ERP. The second potential source of income is from private pension funds. If an individual receives a regular income from a private pension scheme, the payment from ERP is reduced. The survey indicates that for individuals retiring in 1994, about 8 per cent have this additional income.
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When modelling the retirement decision, we regard the ERP as the only 'route' to early retirement. The reason for this is that this 'route' is almost the only option for early retirement. For individuals aged 60-67 the other exit route from the Danish labour market is the Social Disability Pension (førtidspension), but in contrast to the ERP, the Social Disability Pension is not a voluntary option. The difference in eligibility between the two early retirement schemes is that the ERP is an option for individuals who are able to work, whereas the purpose of the Social Disability Pension is to provide an income for individuals who are unable to work either because of health reasons or due to social reasons. 9 In general, the benefit from the Social Disability Pension scheme for the age group 60-66 is lower than the benefit from ERP. Table 1 shows the distribution of retirement on different exit routes for persons who are eligible for ERP and who actually retired before the age of 67. About 94 per cent of both men and women retired on the ERP scheme. Finally, unemployment is often considered to be an exit route even though people who are unemployed are still in the labour force. Membership of an unemployment insurance fund ensures unemployment benefit during unemployment. From the age of 60, it is possible to receive unemployment benefits for a maximum of 22 years. Unemployment benefits amounts to 90 per cent of the last wage earned subject to a ceiling. An important feature of the ERP system is that the ERP benefit is equivalent to the unemployment benefits. This implies that there are no (financial) reasons for using unemployment as a retirement scheme if the ERP programme is available.
Furthermore, entering the ERP scheme may be attractive because the individuals are no longer obliged to search for a new job, which is a criterion for receiving unemployment benefits (for a further description of the exit routes, cf. e.g. Pedersen and Smith (1996) ).
The Model
The model choice is the Option value model introduced by Stock and Wise (1990) , which focuses on the value of retaining the option to retire at a later date. As this model not only compares the expected present value of retiring now with postponing retirement for one year, but also compares it with all future years, the model takes the option of retiring into account, which means that an individual, who does not retire, retains the option of retiring later. If the option value is positive, the person continues to work; otherwise, he retires.
The option value model is an alternative approach to dynamic programming. The model is directly based on a utility function as in a dynamic programming model, but the solution is based on the principles of optimal stopping. In the option value model individuals compare the maximum expected present values of future utilities from current retirement versus each potential future age, where in contrast, the expected value of the maximum current versus future options are compared in dynamic programming. The difference in the probability of retirement under the two rules depends on the variance of the random components. If all future values are known with certainty then the two rules are equivalent. The two models differ to the extent that the variance of the unknown component is large relative to the predictable differences in the values of income and retirement benefits across ages. 10 An advantage of using optimal stopping is that it is easier to incorporate serial correlation in the unobserved process, which is rarely done in a dynamic programming model.
Furthermore, the implementation of the option value model is less complex than the implementation of the dynamic programming rule. A comparison of the two principles, which is found in Lumsdaine, Stock & Wise (1990) , shows that the two models produce almost the same estimates, and that they are equivalent concerning predictions. The option value model has recently been used in a number of retirement studies (see, e.g. Gruber and Wise (1997) ).
The retirement choice is modelled as a discrete choice between participating in the labour force or retiring with ERP. The time horizon in the model is the age range 60-66, which is motivated by the fact that the ERP programme is only available for the 60-66 age group. If the individual has retired with ERP, return to the labour market is not possible in the model. 11 The Old-Age Pension takes over from the age of 67, and the benefit received from here is the same for all persons independently of having received ERP benefit. Therefore, we assume that the decision to retire on ERP does not influence utility beyond the age of 67. As in most of the existing literature this model is based on one important simplifying assumption: the savings process is not modelled explicitly but is only considered in a static way, where interest rates on savings are included in income.
In the original model by Stock and Wise (1990) it is assumed that the factors mainly influencing the retirement decision are income in the labour force and payment from the ERP programme. In addition, the model contains two latent individual effects. In our analysis, we have extended the model by including characteristics such as health, education and unemployment directly. In the original model these factors are implicitly described as latent individual effects. By including these factors directly in the utility function, we may be able to reduce the unobserved heterogeneity between individuals and to examine how these factors affect the retirement pattern.
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Unfortunately, including health and unemployment directly in the model normally gives rise to an endogeneity problem. In this set-up we assume that unemployment for individuals entitled to ERP is involuntary unemployment, since there is no financial reason for using unemployment as a retirement scheme (see section 2 for further details). Therefore, we treat unemployment as an exogenous variable. A proxy for health in the previous year is used as the explanatory variable;
however, we admit that this might not be sufficient to avoid all endogeneity problems.
The model is formulated as a discrete choice model in discrete time with a finite horizon. An individual at age t remains in the labour force for (s-t) years (where s>t) receives an income Y s at age s. 13 If retiring at age r, the retirement benefit will be B s (r) at age s. As stated earlier, this payment depends on the age of retirement. Let X s be an l * 1-vector of other variables that may potentially influence the decision to retire. The utility of being in the labour force, U, and the utility of being on the ERP programme, W, at age s are given by:
The parameter ? is associated with income and measures risk aversion. The parameter k in the utility function is interpreted as the instantaneous utility of retirement (leisure). Abstracting from the random terms and the X variables, 1/k measures the fraction by which an individual is willing to reduce income if entering into retirement. a U and a W are l*1-vectors of parameters, which measure the effect of the explanatory variables on utility in the labour force and on retirement. The difference a ' a U -a W measures the net effect on the retirement decision.
The terms j s and ? s are individual specific random variables or latent variables that might reflect preferences for work. These terms are assumed to be independent of X, Y and B and may be correlated over time. We have made an additional assumption on the process of the individual error term which is a difference to the original model. In , the error term is assumed to follow an auto regressive process, while in this paper the error structure is assumed to follow the frequently used specification with an individual specific effect 14 (see Appendix A.2 for further details). This hinges on the fact that we have seven periods instead of two as in the original model and far more individuals in the sample. In order to get a computationally feasible model, we assume the more simple structure of the error term.
In deciding whether or not to retire, it is assumed that the individual weighs the utility that he or she will receive from future income, which is discounted to age t at a constant rate of time preference ß. The present utility value if retiring at age r $ t is given by: 
The expected gain evaluated at age t from postponing retirement until age r is given by:
where E(@ | I t ) is the conditional mean given information available to the agent at time t. Let r* be the age that gives the maximum gain. An individual will postpone retirement if:
Based on the gain function, the likelihood function can be derived (see Appendix A.2) and the estimates are found by using maximum likelihood estimation.
The Data
The sample used in this analysis is drawn from the Institute of Local Government Studies' longitudinal register, which contains a random sample of 10 per cent of men and women over the are included in the estimations: labour market income (defined as the total amount of earnings, unemployment benefit and sickness benefit an individual receives during a year), labour market experience, unemployment, 16 an indicator for living outside the Copenhagen metropolitan area, educational groups, and a health measure.
The individual frequency of doctor consultations over a year is used to proxy health. 17 It is the only health measure available in our data set. A self-reported health measure used in other studies might be more preferable because it captures how a person regards his/her own health, which might not necessarily correspond to the number of consultations. However, we find that the frequency of doctor consultations, especially in our context, has some clear advantages that makes it useful as a health indicator. First, the use of doctors covers the entire population. Second, the Danish Public Health Insurance system (of which all Danish citizens are members) meets the cost of a consultation, which implies that no economic considerations (except for time costs and other opportunity costs) influence the decision to consult a doctor. Finally, the panel structure of the data makes it possible to focus on differences over time in the number of consultations, which can provide knowledge about changing health conditions.
In this analysis we focus on singles, which are defined as adults living alone. They turn out to be a fairly large group among those eligible for ERP: 1/3 of all eligible women were singles while 1/6 of all men were singles. The sample analysed consists of single men and women who are eligible for ERP, and comprises 4,246 observations on men and 4,906 on women. Persons are observed each year until the first year of retirement. Summary statistics of the sample are shown in table 2 for 16 The administrative unemployment register contains information about the individual degree of unemployment on a weekly basis. At the end of the year, these data are compiled into a composite measure: the annual individual unemployment rate. Individuals are classified as unemployed if they are without a job but are looking for work. For insured individuals, the weekly degree of unemployment is measured by comparing the number of unemployed hours with the number of insured hours.
17 The categories of contacts in the measure include consultation, visit to patients, consultation by phone with/without consultation/visit, renewal of prescriptions, basic treatments, social medical cooperation, and certificates.
men and women, where the sample for men and women is further divided into individuals in the labour force and on the ERP scheme. Individuals are included each year while they are in the labour force. Persons who retire to the ERP are only observed for a single year in this group. Summary statistics of the variables included in the estimations are shown in table 2 for men and women, separately. From these statistics it is obvious that there are differences in the observed characteristics between sexes. Men have, on average, a higher labour market income and more years of labour market experience than women. With respect to health, women have, on average, more visits to the doctor than men. As an example, 15 percent of women and 9 per cent of men visit the doctor more than 10 times per year. Table 2 also shows significant differences between persons in labour force and persons on early retirement. Lagged annual labour market income, and labour market experience is significantly lower for men and women retiring on ERP than for people remaining in the labour force. The rate of unemployment is substantially higher for individuals who retired on ERP; for men, the rate of unemployment was, on average, 29 per cent during the year before retiring; for women it was about 21 per cent.
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On average the number of doctor consultations is higher for women and men joining the ERP scheme. Both men and women living in the provinces are more inclined to join the ERP scheme than individuals living in the Copenhagen metropolitan area. Among the educational groups it is seen that especially unskilled men and women join the ERP scheme, which is probably due to a higher replacement rate for low-educated people compared to highly-educated people.
In the model described in the previous section, the dependent variable is a binary variable indicating whether or not an individual retires. Since the explanatory variables in the model include expectations of prospective income, health status, and unemployment status, assumptions must be made about how the expectations are formed (for further detail see appendix A.3).
Estimation and Results
In this section we present the estimated parameters of the Option Value Model. Three versions of the model are estimated for each gender. We start by estimating the specification used by Stock and Wise (1990) , where only income matters for the retirement behaviour. In the second specification, we allow health to affect the value of retirement. 19 In the last specification we control for individual characteristics such as education, region of residence and individual unemployment. These characteristics are assumed to affect the retirement behaviour as described in section 4. 20 Table 3 . Estimation results of the Option Value Model for men. (The parameters refer to the probability of staying in the labour force).
(1) Note: **Statistically significant at the 5 per cent level, * significant at the 10 per cent level. The reference group has 0-3 consultations within a year, no formal educational qualifications, and full-time employment.
The parameters in the Option Value Model consist of parameters entering the utility function: ?, which describes the amount of risk aversion, k, which is the value of retirement, and ß, the rate of -likelihood -2003.5 -2001.2 -1985.7 Note: **Statistically significant at the 5 per cent level, * significant at the 10 per cent level.
The reference group has 0-3 consultations within a year, no formal educational qualifications, and full-time employment.
In general, the estimation results seem reasonable and confirm our a priori expectations. To examine the goodness of fit of the model we compare the actual and predicted probabilities of retirement for different age groups (see appendix A.4 for model (3)). The analyses suggest that the model fits the data satisfactorily. Furthermore, we investigate whether the model is robust to changes in the financial incentives, by comparing the model's ability to predict before and after the reform in 1992. The analysis shows that the model is able to capture the change in incentives, which indicates that the model is well specified.
The essential parameter in the Option Value Model is k, which measures the value of retirement (leisure). 1/k as a percentage is the percentage to which men/women, on average, are willing to reduce the income they earned when working in order to retire. For the simple specification, model
(1), which is almost identical to the model in Stock and Wise (1990) , the estimation results are in the same range as those found in Stock and Wise (1990) , except for ? and k, which are lower in this analysis. The difference in k may be explained by either singles behaving differently, or by the fact that we use disposable income instead of gross income. The standard errors are relatively small for the parameters of the utility function, while the standard errors for the demographics are larger, in particular for the sample of men. In this model there are almost no differences in how single men and women value leisure. The estimated value of k is 1.39 and 1.37 for men a nd women, respectively, which indicates that men and women, on average, are willing to reduce income to 72 and 73 per cent. However, a formal test for whether all the parameters are the same for men and women is strongly rejected.
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In model (2) where health dummies are interacting with k, we find that health, measured as the number of visits to the doctor, has an impact on the value of retirement. Persons with more than 11 doctor consultations are willing to accept a larger decrease in income in order to retire than persons with a fewer number of consultations. One possible explanation is that hard physical or psychological work is associated with a greater risk of bad health as well as a greater probability of retiring early. If this is the case, the estimated health effect may, in part, reflect an effect of present 22 The likelihood ratio test gives a ? 2 (4) statistic of 50.9.
working conditions
In model (3), which is the preferred specification, 23 we control for various observed individual characteristics such as education, region and unemployment. Also in this model we test whether men and women have the same set of parameters. This test is performed as a likelihood ratio test and is strongly rejected, which suggests that there are gender differences in retirement behaviour. In this model, single men with less than 4 doctor visits will accept a reduction in their income to 81
per cent of previous income in order to retire, while healthy women will reduce their income to 74 per cent 24 . Single men with more than 11 doctor visits are willing to reduce income to 70 per cent of the previous income, while the similar number for women is 68 per cent. This indicates that worse health increases the willingness to reduce income in order to retire and that the gender differences are much smaller for individuals with bad health. Whether there actually is a significant difference of course also depends on whether the measure of health can be compared for men and women.
From table 2 in section 3, we see that the distribution of the number of doctor consultations diverge between men and women. Women have, on average, more visits to the doctor, and a larger proportion of women visit the doctor more than 11 times during a year. It does not necessarily reflect that women are in worse health than men, but rather that women behave differently.
In the following we briefly discuss the remaining parameters. The estimates of ? (risk aversion) indicate that the utility function is a concave function of income for both men and women, which implies that the increase in utility from a marginal increase in income is lower for people with high incomes than for people with low incomes. Since it is presumed that not all individual heterogeneity is captured by the explanatory variables included, unobserved heterogeneity is included in the model (see section 4 for a further description). The estimations confirm that unobserved heterogeneity is very important in this model. The estimate of s 2 of the latent process indicates a huge variance of the unobserved shock for both genders, which means that the retirement decision is strongly influenced by the unobserved components. The estimate of ? of the latent process is significant for both genders, stressing the importance of allowing for serial correlation over time in the unobserved heterogeneity.
In the third specification we also control for education, region of residence and unemployment.
One effect of including these controls is that we are able to reduce the variance of the unobserved component. For both men and women the estimate of the standard deviation decreases substantially.
However, it does not seem to have a major impact on the serial correlation of the unobserved component. The educational dummies are insignificant for single men, but significant for single women. Skilled women and women with short further education seem to postpone retirement.
Surprisingly, we do not find any significant impact of having a long further education. However, the fact that we ignore private pension schemes may affect this estimate, since it is primarily individuals with long further education who have these schemes. A possible explanation for the very different impact of education for men and women is that women, in contrast, to men tend to be concentrated within fewer fields of education, primarily related to health, teaching and office work.
These types of education do, to a large extent, tend to lead to particular jobs. This means that women's education may serve as a proxy for the actual job type.
As the data analysis also suggested, the estimate of living outside the Copenhagen metropolitan area shows that both men and women in the provinces are more likely to retire early than those living in Copenhagen. The effect is largest for women. The effect of being unemployed seems to hasten retirement, but is only significant for women. Besides the direct effect of unemployment (that unemployment is a path to retirement), we find strong evidence of an indirect effect through the low income that follows with unemployment.
To summarise the results, we find an indication for gender differences in the retirement behaviour of single men and women, and that for both single men and women future income is an important determinant of the retirement decision. The results from the most flexible model indicate that healthy single women value retirement more than healthy single men, while the gender differences are smaller for individuals with worse health. Whereas the value of the retirement decision of men is mainly determined by income and health, women's retirement decision is also affected by education and unemployment experience.
Conclusion
Like many other OECD countries, Denmark is facing an increasing proportion of elderly people and an expected increase in retirement programme participation. Changes in the composition of the labour force and in the patterns of household composition may have implications for future retirement. The gender composition of the older work force will change as a result of a sharp increase in women's labour force participation. Furthermore, there is a tendency toward a decline in the marriage rate and there is an increasing share of divorced individuals. To examine how these changes affect the future inflow to retirement schemes, knowledge is needed about the retirement patterns of men and women living alone.
As in most other OECD countries, a considerable proportion of elderly people in Denmark are living alone and an even larger proportion is expected to be single in the future. We have chosen to focus on single men and women's retirement behaviour only, since the retirement pattern of singles is likely to differ from the pattern of couples in terms of different economic incentives and different preferences for, e.g., leisure than couples. Our study is one of the first to analyse the retirement behaviour of singles.
Our objective was to study gender differences in the early retirement behaviour of singles. To do so, we estimated a structural model of retirement based on the option value of staying in the labour force. The model is estimated for single men and women separately, using Danish register data. The results suggest that there exist gender differences in the retirement behaviour of single men and women. For both single men and women, future income and health are important determinants of the retirement decision, but healthy women value retirement more than healthy men. Whereas the retirement decision of men is mainly determined by income and health, women's retirement decision is also affected by education and unemployment experience. The probability of staying in the labour force, on which the likelihood function is based, turns out to be a distribution function of a multi-normal distribution. In order to simplify the problem, the random term is assumed to be equicorrelated, which implies that the individual effect is given by are mutually independent. By conditioning on the individual specific effect the likelihood function is reduced to a one-dimensional integral.
In order to obtain an agreement between the statistical model and the economic model, the variance of µ is defined by 
Appendix A.3 Prospective income, health and unemployment status
To be able to construct expected future income, expected individual income is modelled. Since non-labour market income may constitute a considerable part of gross income for the elderly, this information is explicitly used in the estimation of future income. Here, income is assumed to consist of one part that depends on labour market status (wage earnings, unemployment benefit, retirement benefit, and sickness benefit 25 ) and one part that is unaffected by labour-market status (return on assets, etc.). In the rest of our paper the latter is referred to as unearned income.
First, labour-market income is estimated separately. In our framework, annual labour market income is defined as the total amount of earnings, unemployment benefits and sickness benefits an individual receives during a year. Since a substantial part of labour market income arises from earnings, a Mincer-type model is applied. Labour market income is explained by labour market experience in years, labour market experience squared, the annual amount of unemployment, unemployment squared, a time trend, and an individual fixed effect. The individual fixed effect contains all-time invariant individual characteristics, e.g. education.
The labour market income is estimated by the following model, Second, the model is estimated on a sub-sample limited to individuals between 55 and 59 who are in the labour force (sub-sample B in figure A.1) . By limiting the sample to individuals less than 60, we avoid some of the people leaving the sample due to retirement (selection). The disadvantage of this approach is that we impose the same income relation for 55-59 year-olds as for 60-66 year-olds.
Assuming that the individuals form expectations according to the model, predicted income can be used as expected income. 28 But to obtain a good prediction of future income, estimates of fixed 26 The piecewise linear trend is included to capture a high inflation rate in the eighties and a lower inflation rate after 1989.
27 An alternative method to deal with the sample selection problem is using the Heckman approach (cf. Heckman, 1979) .
28 This assumption is made in a number of models based on expectations, e.g. Bingley and Lanot (1996) , Rust and Phelan (1997) and Stock and Wise (1990). effects are needed. Therefore, the estimation is performed by fixed effect estimation for unbalanced panels (cf. Baltagi, 1995, pp.11-13 Given the expectations of unemployment, the expected total labour market experience is easily found by simply assuming that an extra year in the labour force results in one extra year of labour market experience minus the expected rate of unemployment.
Based on the estimates and expectations about future unemployment and labour market experience, for each individual in the sample we can determine the expected future labour market income that is conditioned on remaining in the labour force. The expected income on the ERP scheme mainly consists of ERP benefit. The ERP payment is determined according to how the ERP is regulated and is based on wage income and age of retirement.
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From labour market income, retirement benefit, and unearned income, 31 it is possible to calculate the estimated gross income conditioned on remaining in the labour force or retiring. Since disposable income is clearly more relevant than gross income when calculating the economic consequences of retirement, disposable income is determined from gross income according to the Danish tax system (for further details cf. Danø et al., 1998) .
The expectations about future health conditions are formed similarly to the expectations about future unemployment rates. It is assumed that the individuals expect that their future status of health remains the same as their present status of health, meaning that an individual with good health expects good health also in the future. This assumption seems to be in accordance with the data, 30 The calculation of the expected future income on the ERP scheme for each individual is based on the observed historical development of maximum ERP benefit.
31 Unearned income here is calculated as gross income minus the sum of labour market income and retirement benefit. Unearned income is expected not to depend on labour market status. We assume that the individuals have perfect expectations of their future unearned income.
where we find no effect of labour market status on health and no deterioration of health in the age range.
Appendix A.4. Comparison of Predicted and Actual Retirement Behaviour
The fit of the estimated models is evaluated by comparing predicted and actual retirement rates.
32
The retirement rates are shown in table A.3, for different age groups for single men and women.
The predicted retirement rates appear to be relatively close to the actual rates for the youngest age groups, and especially women, but seem to over-predict the retirement rates for persons who are more than 62 years of age. This hinges on the fact that we have relatively few observations for these age groups. Note:
The retirement rates are computed for the estimated models with individual characteristics included in the specification. Note that age is used neither in the wage equation nor in the retirement model.
In 1992 the economic incentives in the ERP scheme were changed to make postponing retirement more attractive. This within-sample change in the ERP scheme, gives us an opportunity to see whether people actually changed behaviour as a result of the reform and whether our model is actually capable of describing this change in retirement behaviour. To illustrate the effect of the 32 The predictions are made as in ordinary probit models. The individual effect is set to zero.
reform we have divided our sample into two, one containing observations on individuals in the years 1989 to 1992, and another part which contains observations on individuals for the period 1993 to 1997.
The actual and the predicted age-specific retirement probabilities are shown in table A.4 for men and women, respectively. The expected result of the reform is that the age-specific retirement probabilities for those who are 60-62 years of age should be lower after the reform, whereas they should be higher for those who are 63 to 66 years of age. It could be expected that, in particular, the probabilities for those who are 62 and 63 would be affected because here a small change in retirement age has a large influence on future income, making the probabilities for those who are 62 much lower after the reform and the probabilities for those who are 63 much higher. Because of the way our data is constructed, the individuals in the 1989-1992 sample are no older than 62 years, which means that it is only possible to compare the age-specific retirement probabilities of people who are 60-62 years of age before and after the reform.
It is evident that the reform actually changed the retirement behaviour. The retirement probabilities falls for those who are younger than 62 and especially for those who are 62. This is the case for both men and women, but especially for women. Our model seems to capture this change in behaviour, even though it under estimates the effect. 
